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ABSTRACT: An elementary course in human heredity for students not planning to major in the sciences can be based on current scientific literature and on the popular media. Examinations are constructed of questions on recent abstracts obtained from PubMed. The course is designed to promote writing skills in the sciences and students write two papers in the course of a Quarter. In the first paper, students trace the primary source of media reports on genetics and attempt to evaluate the reporter's translation. In a second paper, students write popular articles based on current primary sources.
Teaching Science to Liberal Arts Students:
There is widespread agreement that all undergraduate students should have some familiarity with science. However, it is not always clear what the science requirement is intended to accomplish. It is a common experience that irrelevant information is not long retained so the goal of such courses can hardly be the accumulation of factual material. Since genetics is a logical discipline some insight into the way geneticists look at problems and at the phenomenon of life itself may be the goal. In addition, genetics differs from most sciences in its immediate applicability to human life and decisions. Young adults, about to establish their own families, are particularly involved in decisions based on genetics. They are much involved with the question of when life begins, they are involved with the question of the risk of non-disjunction, and some of them will be Abstracts as a teaching tool 4 involved with the desire for a compatible donor for stem cells. Very few of the questions these young adults have will be completely answered by the scientific facts but all of the answers will be based on their attitude to the facts and as importantly, to what are perceived to be the facts. A course in genetics might then have as its goal educating students to obtain, evaluate, and explain the available information. Modern day students appear to use one major source for their information, and that is the Web. Magazines and newspapers, television and radio may be used but any instructor can testify to the widespread use of the Web. Arguing with this trend is not worthwhile. What is needed is to put it to use.
I assume that we are in some agreement about the major things we would like students to understand about genetics. My personal hope is that students will have some intuitive understanding of meiosis as the physical basis of genetics. The details of what we would like to get across differ with each instructor. What I wish to describe is a methodology that can work with almost any variation of topics in (human) genetics. The course I describe is not designed for students majoring in biology or chemistry although the method is adaptable to such courses. All undergraduates at The University of Chicago are required to register for at least four quarters of natural science. Many choose to register for two quarters of physical and two quarters of biological sciences. Students planning to major in the biological or chemical sciences will usually take a professionally oriented series of courses. Students who do not intend to specialize in science register for a general sequence. When the new requirements were adopted, the first quarter of Biological Science was designed Abstracts as a teaching tool 5 as a course in first principles taken by all students. Students read, discussed and wrote papers based on general readership books such as "The Beak of the Finch" by Jonathan Weiner and "One Renegade Cell" by Robert Weinberg (replaced after a few years by "Genome" by Matt Ridley). With time, the common first quarter has been replaced by one of six courses, with an emphasis respectively on Cell and Molecular Biology, Genomics, Pharmacology, Infectious Disease, Organisms and Ecosystems and Quantitative Biology. This is followed by a second quarter of more idiosyncratic content, determined in large part by the interest of the instructors. Our College requires that bona fide faculty (as opposed to teaching assistants) teach undergraduate courses. Given the demands on faculty time at a research university the problems of staffing are solved in part by encouraging faculty, including our full-time clinical faculty to teach basic biological principles via courses based on their own research specialties. The Human Heredity course I describe here is one of the second quarter courses. As should be clear from the description above, there is little common background. Almost all students will have heard about DNA but almost none will have learned or remembered about meiosis, even those with good high school courses many years earlier. The Human Heredity course is based on an initial discussion of cells, chromosomes, cell division and meiosis. Meiosis leads to the genetics of sex determination, which leads to X-linked traits, which leads to autosomal traits and to chromosomal aberrations. Quarters last a whirlwind ten weeks and the second half of the course concentrates on the structure of human DNA, the DNA code, mutation including triplet repeat diseases, biochemical Abstracts as a teaching tool 6 genetics with an emphasis on the genetic, biochemical and psychological aspects of phenylketonuria as a paradigm for the personal problems posed by genetic disease. The outline of this years course as handed out to students is included in the "Supplementary Material". The content of the course is orthodox and there are several excellent and up-to-date textbooks which cover the material.
Examinations Based on Current Abstracts:
Notwithstanding any reality about the half-life of information, some objective way needs to be used to judge whether students have understood what we are trying to teach. The standard method is to ask questions about the material. These may be straightforward questions or, particularly in genetics, they may be problems, which require the application of understood principles. This is a time honored, and entirely appropriate method for professional students.
I suggest that abstracts of current papers from the PubMed database provide a useful alternative. Consider the following abstract (chosen not so much for its intrinsic merit but because it happens to lend itself to a set of questions): The question had been preceded by lectures on cloning and genetic engineering and the text had a chapter devoted to this and related subjects.
All the abstracts used for examinations (BOX A, BOX B) were selected to illustrate the content of the lectures, insofar as eight to ten questions can mirror the content of ten weeks of lectures. However, understanding genetics is cumulative and a question on trisomy, for example, only makes sense if one understands normal segregation. Therefore, even ten questions, if reasonably chosen can require understanding of a considerable body of knowledge. The abstracts selected illustrate what I thought was most significant in the lectures and I did indicate to students two weeks before each examination, the general topics I considered most important. One of the miracles of the electronic age is Abstracts as a teaching tool 9 the ability to send an individual Email message to every registered student providing such information. The abstracts to be used as the basis of the questions were posted on the Web (via the course "Chalk" site) several days before the examination and we had sessions in which the teaching assistants would answer any question that the students had about the abstracts. I tried to select abstracts that did not require reading the entire paper. I did not discuss the abstracts in the regular lecture sessions mostly because they had not been selected in advance of the examination. However, I wanted to make sure the students were not held up by technical words and phrases and so tried to provide a venue in which they could ask questions to make things clear. It also seemed to me that providing the class with these abstracts during the period in which they would be studying for an examination would promote discussion in the different study groups and act as an additional learning device. Providing the abstracts early also helps alleviate the inevitable panic on seeing an absolutely unfamiliar question.
In the particular case of this years selections, I had spent several lectures discussing cloning and was anxious to make clear that there were technical difficulties in cloning primates, hence the selection of Abstract 1 (BOX A). I use the development of sex differences to illustrate the multiple steps between gene and phenotype with an emphasis on Androgen Insensitivity Syndrome, hence the selection of Abstract 2. In the lectures we had talked about chromosome nomenclature, translocations and abnormalities in chromosome number and I looked for an abstract in which these topics were discussed (Abstract 3). A Abstracts as a teaching tool 10 course in human genetics inevitably includes pedigrees and a discussion of dominance. I wanted an abstract which permitted me to ask questions about these topics and in addition to permit a question on penetrance, hence abstract number 4. This was actually the hardest to select with the possible exception of an abstract dealing with Hardy Weinberg equilibrium (BOX B, Abstract 5). The second examination (BOX B) covered molecular genetics and I picked the first abstract of the second examination to permit questions about DNA structure and the structure of genes. There is so much written in the popular press about the carcinogenic or mutagenic effects of this or that environmental agent that I try to give this group of future worried parents some idea of dose effect relationships, which accounts for abstract 2 of the second set. There were several lectures dealing with genetic engineering and its applications and I wanted an abstract, which required some idea of what vectors are and how selection works. I had spent almost two hours trying to establish the basis for an understanding of metabolic disease and in addition there had been news reports of a wider applicability of testing of newborns for metabolic disease and I selected Abstract 4 of this second set to illustrate some of these points. As stated above, finding a recent and understandable abstract illustrating Hardy Weinberg equilibrium was more difficult (for me) but an article in the NY Times about the problem of inbreeding in Saudi populations led to the abstract I used. What is striking about this procedure is that given the ability to search for key words simultaneously, it is possible to identify several recent abstracts on the topics I talk about and then to select those abstracts which are accessible to a class of non professionals.
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The class was mostly made up of students who were planning to be economists, political scientists, lawyers and possibly poets and they did pretty well with these questions. The average (and median) grade on the examinations was in the high 70's. Providing the abstracts ahead of time concentrates the student's attention. More importantly, the use of an abstract of a recent paper indicates that the information is of immediate relevance (to somebody) and even more important, that these non-professional students are able to understand a good deal about the subject matter of the paper. I first starting using abstracts several years ago in an advanced undergraduate course along with standard problems. I found the abstracts particularly valuable in dealing with cytogenetics since a major hurdle in understanding seemed (to me) to be understanding the descriptive terminology. The availability of the Web has made it possible to post lectures and illustrations. I also started to post past examinations extending over the past five years. In my case I found that these examinations tended towards a sameness and a predictable character, possibly because of a personal aversion to short, machine gradable questions. This sameness led to gratifyingly high grades among the students. I am all in favor of examinations with a high average grade. The morale of a class seems better to me when there is a decent median score. However, I wanted to avoid attaining that score via an absolutely predictable set of questions and I started to look at abstracts as a source of new questions. It also likely that the emphasis in this course on students writing abstracts of their work (see below) brought this device to my attention once again. At any rate, searching for appropriate abstracts is much more interesting Abstracts as a teaching tool 12 than trying to find new ways to phrase "what is the difference between mitosis and meiosis?" I believe that use of these abstracts reinforces the thought that genetics is a continuing endeavor whose state is reflected in the current literature.
Evaluating and Writing Papers on Genetics for a General Audience:
The second feature of our course builds on this principle. The College of the University of Chicago sponsors a program whose goal is to encourage writing in science courses and this program subsidizes extra teaching assistants whose job includes helping students with their writing (and reading their papers!). The success of the course I describe depends in large part on the skill and enthusiasm of these instructors. Our students are asked to write two five page papers during the quarter. Sixty percent of their grade is based on this written work (see Supplementary Material, Course Outline). Students write a preliminary abstract, which I read and return with my comments well before the due date. I have been surprised over the three years in which papers have been an integral part of the course about the lack of understanding of what an abstract is. Many students do not understand that an abstract represents a summary of a completed paper-rather they submit a statement about what they plan to do. I either return the abstract or give it a low grade which is revised when the completed paper (and revised abstract) is submitted. The final paper is then graded, in part, on how well a student has responded to the critical comments. In order to maintain some uniformity, the Teaching Assistants are given a set of Abstracts as a teaching tool 13 criteria to guide their grading and these criteria are shared with the students (Table 1) .
For their first paper, students are asked to find a newspaper or magazine article (in practice it is often from some source on the web although I have compiled a list of recent news articles which is available on the Chalk site) discussing some subject relevant to the material of the course (see Course primary source is, and identifying it properly is a major problem although almost all sources can be readily traced via PubMed. The second paper is based on the request that students find some primary source that they can understand (with the help of the TA's) and write a news article about it. Although the TA's grade the papers, any student can rewrite a paper, taking into account the criticisms of the TA or write a rebuttal letter. I read and re-grade the rewritten paper. This winter I had about 15 resubmissions out of a class of 80. As in any required course, the response of students is mixed but they tend to be serious about their Most students agreed that the examinations (i.e the abstracts) fairly covered the material in the lectures and reading. The qualitative comments and comments Abstracts as a teaching tool 15 made to me personally convey mixed responses. Some of the written comments in this years' evaluations particularly praised the use of abstracts. On the other hand, one of my very assiduous students told me that she just didn't like the abstracts as a basis for examinations because she didn't know what to study. This is both an understandable comment and one which suggests to me that the format may be achieving its purpose. This very bright student came to Chicago from a small high school and was clearly trained to master very defined sets of information. If properly designed, the questions on the abstracts should require some general understanding of the subject as a whole and even the fact that random abstracts will be selected indicates a requirement for general understanding. That does make it difficult to define just which bits of information to study but does reward students who can develop a general concept of the subject. I am happy to report that this student did very well in the course.
Students also vote with their feet and the enrollment in this course in Human Heredity has increased markedly over the past three years (Table 2 ).
This increase started at the time written papers were introduced as a major factor in the grading (see Course Outline in Supplemental Material) but there is no decisive evidence that the emphasis on writing was a key factor in the increased enrollment although I suppose it to be a major factor.
One very important fact is that even after many years I find the course fun to teach. The New York Times and the Chicago Tribune have been tremendously cooperative and it is fun to start lectures with some clipping from the mornings newspaper-as often as not from the financial section! These Abstracts as a teaching tool 16 stories will be relevant to some portion of the course, although not necessarily the topic of the days lecture. My purpose is to demonstrate that there is real life interest in the topics we discuss. I also want to indicate that topics for the required written assignments are readily found. If the news parallels the development of the course it should be possible to use the news stories as leads to appropriate abstracts (as suggested by a reader of this manuscript) further integrating the examinations and lecture material Perhaps my most important hope for this general education requirement is that a group of future lawyers, economists and voters may have some idea as to how to obtain accurate information about genetics and how that information originated. 
